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IDENTIFICATION AND CHARACTERIZATION OF AN 
ANTHOCYANIN MUTANT (ANT1) IN TOMATO 



REFERENCE TO RELATED APPLICATIONS 
[0001] This Application claims priority to U.S. provisional patent application serial No. 

60/244,685, filed October 30, 2000, the contents of which are hereby incorporated in its 
entirety. 

§ FIELD OF THE INVENTION 

W [0002] The present invention relates to a plant phenotype, designated Anthocyanin 1 (ANT1), 
I,* together with DNA and polypeptide sequences associated with the same. 

BACKGROUND OF THE INVENTION 
p [0003] The traditional methods for gene discovery, including chemical mutagenesis, 
s * irradiation and T-DNA insertion, used to screen loss of function mutants have limitations. 

O Mutagenic methods such as these rarely identify genes that are redundant in the genome, 

iisstff 

and gene characterization is time-consuming and laborious. 

[0004] Activation tagging is a method by which genes are randomly and strongly up- 
regulated on a genome-wide scale, after which specific phenotypes are screened for and 
selected. Isolation of mutants by activation tagging has been reported (Hayashi et al, 
1992). An activation T-DNA tagging construct was used to activate genes in tobacco cell 
culture allowing the cells to grow in the absence of plant growth hormones (Walden et al, 
1994). Genes have been isolated from plant genomic sequences flanking the T-DNA tag 
and putatively assigned to plant growth hormone responses. (See, e.g., Miklashevichs et 
al 1997, Harling et al, 1997; Walden et. al., 1994; and Schell et al, 1998, which 
discusses related studies.) 

[0005] The first gene characterized in Arabidopsis using activation tagging was a gene 

encoding the histone kinase involved in the cytokinin signal transduction pathway. The 
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gene sequence was isolated from plant genomic DNA by plasmid rescue and the role of 
the gene, CKI1, in cytokinin responses in plants was confirmed by re-introduction into 
Arabidopsis (Kakimoto, 1996). This was followed by reports of several dominant mutants 
such as TINY, LHY and SHI using a similar approach along with the Ds transposable 
element (Wilson et al, 1996, Schaffer et al, 1998, Fridborg et al, 1999). In a more 
recent report, activation T-DNA tagging and screening plants for an early flowering 
phenotype led to the isolation of the FT gene (Kardailsky et al, 1999). 
[0006] The potential application of activation tagging as a high through put technology for 
gene discovery has been demonstrated based on screening of several dominant mutant 
genes involved in photoreceptor, brassinosteroid, gibberellin and flowering signal 
pathways, as well as disease resistance. (See, e.g., Weigel et al, 2000, Christensen et al, 
2 1998; Kardailsky et al, 1999). 

U [0007] Arabidopsis has been widely used as a model for plant improvement for plants such as 
§ ^ Brassica species having a siliques type of fruit. However, Arabidopsis does not serve as a 

;2 model for plants having a fleshy fruit. 

[0008] A method for identifying and characterizing genes based on modified gene expression 
in fruit-bearing plants is described in PCT publication WO0053794. Dwarf varieties of 
Ty fruit-bearing plants, particularly dwarf varieties of tomato, are useful in the 

p overexpression of one or more native plant genes and in correlating that overexpression 

with a particular phenotype. 
[0009] Dwarf tomatoes are characterized by their short internodes, which give plants a 

compact appearance. The miniature Lycopersicon esculentum cultivar, Micro-Tom is a 
proportionally dwarfed plant that grows at high density (up to 1357 plants/m" 2 ), has a short 
life cycle (70-80 days from sowing to fruit ripening), and for which fruit size, and leaf size 
have been genetically reduced (Meissner et al, 1997; Scott and Harbaugh, 1989). In 
addition, Micro-Tom has been shown to be resistant to a number of diseases and can be 
transformed at frequencies of up to 80% through Agrobacterium-mediated transformation 
of cotyledons (Meissner et al, 1997). Similar to Micro-Tom, Florida Petite (Fla. Agr. 
Expt. Sta. Circ. S-285), Tiny Tim and Small Fry are dwarf varieties of tomato which have 
a short life cycle, and for which fruit size, and leaf size have been genetically reduced. 
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[0010] Efforts are underway in industry and academia to develop a means to identify genes 
associated with particular plant traits or characteristics in order to develop improved 
plants having such traits. The present invention provides a plant phenotype associated 
with modified expression of a native plant gene. 

[0011] In an activation tagging screen in Micro-Tom, we identified a gene involved in 

pigment production. Anthocyanins are pigments that are responsible for many of the red 
and blue colors in plants. The genetic basis of anthocyanin biosynthesis has been well 
characterized in corn, Petunia, and Antirrhinium (Dooner et al, 1991; Jayaram and 
Peterson, 1990; Quattrocchio F et al., 1999). 

SUMMARY OF THE INVENTION 

[0012] The invention provides nucleic acid and amino acid sequences associated with the 

Anthocyanin 1 (?ANT1 ") phenotype in plants, presented as modified leaf, flower or fruit color. 

[0013] In one aspect, the invention provides one or more isolated ANT1 nucleic acid 

sequences comprising a nucleic acid sequence that encodes or is complementary to a 
sequence that encodes mANTl polypeptide having at least 70%, 80%, 90% or more 
sequence identity to the amino acid sequence presented as SEQ ID NO:2, 

[0014] In another aspect, the polynucleotide comprises a nucleic acid sequence that 
hybridizes, under high, medium, or low stringency conditions to the nucleic acid 
sequence, or fragment thereof, presented as SEQ ID NO:l, or the complement thereof. 

[0015] In a related aspect, expression of one or more of such ANT1 polynucleotides in a plant 
is associated with the ANT1 phenotype. 

[0016] The invention further provides plant transformation vectors, plant cells, plant parts and 
plants comprising an ANT1 nucleic acid sequence. 

[0017] Expression of such an ANT1 nucleic acid sequence in a plant is associated with the 
ANT1 phenotype, presented as a modified leaf, flower or fruit color phenotype. 

[0018] The expression of an ANT1 nucleic acid sequence may be modified in ornamental 
plants, fruit and vegetable-producing plants, grain-producing plants, oil-producing plants 
and nut-producing plants, as well as other crop plants, resulting in the ANT1 phenotype. 
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[0019] In a further aspect the invention provides a method of modifying the ANT1 phenotype 
in a plant by introducing an ANT1 nucleic acid sequence into plant progenitor cells and 
growing the cells to produce a transgenic plant. 

DETAILED DESCRIPTION OF THE INVENTION 

Definitions 

[0020] Unless otherwise indicated, all technical and scientific terms used herein have the 
same meaning as they would to one skilled in the art of the present invention. 
Practitioners are particularly directed to Sambrook et al, 1989, and Ausubel FM et al, 
1993, for definitions and terms of the art. It is to be understood that this invention is not 
limited to the particular methodology, protocols, and reagents described, as these may 
vary. 

[0021] All publications cited herein, and listed below immediately after the examples, are 
expressly incorporated herein by reference for the purpose of describing and disclosing 
compositions and methodologies that might be used in connection with the invention. All 
cited patents, patent publications, and sequence and other information in referenced 
websites are also incorporated by reference. 

[0022] As used herein, the term "vector" refers to a nucleic acid construct designed for 

transfer between different host cells. An "expression vector" refers to a vector that has the 
ability to incorporate and express heterologous DNA fragments in a foreign cell. Many 
prokaryotic and eukaryotic expression vectors are commercially available. Selection of 
appropriate expression vectors is within the knowledge of those having skill in the art. 

[0023] A "heterologous" nucleic acid construct or sequence has a portion of the sequence 

which is not native to the plant cell in which it is expressed. Heterologous, with respect to 
a control sequence refers to a control sequence (i.e. promoter or enhancer) that does not 
function in nature to regulate the same gene the expression of which it is currently 
regulating. Generally, heterologous nucleic acid sequences are not endogenous to the cell 
or part of the genome in which they are present, and have been added to the cell, by 
infection, transfection, microinjection, electroporation, or the like. A "heterologous" 
nucleic acid construct may contain a control sequence/DNA coding sequence combination 



that is the same as, or different from a control sequence/DNA coding sequence 
combination found in the native plant. 
[0024] As used herein, the term "gene" means the segment of DNA involved in producing a 
polypeptide chain, which may or may not include regions preceding and following the 
coding region, e.g. 5' untranslated (5 f UTR) or "leader" sequences and 3 1 UTR or "trailer" 
sequences, as well as intervening sequences (introns) between individual coding segments 
(exons). 

[0025] As used herein, "percent (%) sequence identity" with respect to a subject sequence, or 
a specified portion of a subject sequence, is defined as the percentage of nucleotides or 
amino acids in the candidate derivative sequence identical with the nucleotides or amino 
acids in the subject sequence (or specified portion thereof), after aligning the sequences 
and introducing gaps, if necessary to achieve the maximum percent sequence identity, as 
generated by the program WU-BLAST-2.0al9 (Altschul et ah, J. Mol. Biol. (1997) 
215:403-410; blast.wustl.edu/blast/README.html website) with all the search parameters 
set to default values. The HSP S and HSP S2 parameters are dynamic values and are 
established by the program itself depending upon the composition of the particular 
sequence and composition of the particular database against which the sequence of 
interest is being searched. A % identity value is determined by the number of matching 
identical nucleotides or amino acids divided by the sequence length for which the percent 
identity is being reported. "Percent (%) amino acid sequence similarity" is determined by 
doing the same calculation as for determining % amino acid sequence identity, but 
including conservative amino acid substitutions in addition to identical amino acids in the 
computation. 

[0026] The term "% homology" is used interchangeably herein with the term "% identity." 

[0027] A nucleic acid sequence is considered to be "selectively hybridizable" to a reference 
nucleic acid sequence if the two sequences specifically hybridize to one another under 
moderate to high stringency hybridization and wash conditions. Hybridization conditions 
are based on the melting temperature (Tm) of the nucleic acid binding complex or probe. 
For example, "maximum stringency" typically occurs at about Tm-5°C (5° below the Tm 
of the probe); "high stringency" at about 5-10° below the Tm; "intermediate stringency" at 
about 10-20° below the Tm of the probe; and "low stringency" at about 20-25° below the 
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Tm. Functionally, maximum stringency conditions may be used to identify sequences 
having strict identity or near-strict identity with the hybridization probe; while high 
stringency conditions are used to identify sequences having about 80% or more sequence 
identity with the probe. 

[0028] Moderate and high stringency hybridization conditions are well known in the art (see, 
for example, Sambrook, et al, 1989, Chapters 9 and 1 1, and in Ausubel, F.M., et al, 1993, 
expressly incorporated by reference herein). An example of high stringency conditions 
includes hybridization at about 42°C in 50% formamide, 5X SSC, 5X Denhardt's solution, 
0.5% SDS and 100 jig/ml denatured carrier DNA followed by washing two times in 2X 
SSC and 0.5% SDS at room temperature and two additional times in 0.1X SSC and 0.5% 
SDSat42°C. 

[0029] As used herein, "recombinant" includes reference to a cell or vector, that has been 
modified by the introduction of a heterologous nucleic acid sequence or that the cell is 
derived from a cell so modified. Thus, for example, recombinant cells express genes that 
are not found in identical form within the native (non-recombinant) form of the cell or 
express native genes that are otherwise abnormally expressed, under expressed or not 
expressed at all as a result of deliberate human intervention. 

[0030] As used herein, the terms "transformed", "stably transformed" or "transgenic" with 
reference to a plant cell means the plant cell has a non-native (heterologous) nucleic acid 
sequence integrated into its genome which is maintained through two or more generations. 

[0031] As used herein, the term "expression" refers to the process by which a polypeptide is 
produced based on the nucleic acid sequence of a gene. The process includes both 
transcription and translation. 

[0032] The term "introduced" in the context of inserting a nucleic acid sequence into a cell, 
means "transfection", or "transformation" or "transduction" and includes reference to the 
incorporation of a nucleic acid sequence into a eukaryotic or prokaryotic cell where the 
nucleic acid sequence may be incorporated into the genome of the cell (for example, 
chromosome, plasmid, plastid, or mitochondrial DNA), converted into an autonomous 
replicon, or transiently expressed (for example, transfected mRNA). 



[0033] As used herein, a "plant cell" refers to any cell derived from a plant, including cells 
from undifferentiated tissue (e.g., callus) as well as plant seeds, pollen, progagules and 
embryos. 

[0034] As used herein, the terms "native" and "wild-type" relative to a given plant trait or 
phenotype refers to the form in which that trait or phenotype is found in the same variety 
of plant in nature. 

[0035] As used herein, the term "modified" regarding a plant trait, refers to a change in the 
phenotype of a transgenic plant relative to a non-transgenic plant, as it is found in nature. 

[0036] As used herein, the term "Ti" refers to the generation of plants from the seed of T 0 
plants. The Ti generation is the first set of transformed plants that can be selected by 
application of a selection agent, e.g., an antibiotic or herbicide, for which the transgenic 
plant contains the corresponding resistance gene. 

[0037] As used herein, the term "T 2 " refers to the generation of plants by self-fertilization of 
the flowers of Ti plants, previously selected as being transgenic. 

[0038] As used herein, the term "plant part" includes any plant organ or tissue including, 
without limitation, seeds, embryos, meristematic regions, callus tissue, leaves, roots, 
shoots, gametophytes, sporophytes, pollen, and microspores. Plant cells can be obtained 
from any plant organ or tissue and cultures prepared therefrom. The class of plants which 
can be used in the methods of the present invention is generally as broad as the class of 
higher plants amenable to transformation techniques, including both monocotyledenous 
and dicotyledenous plants. 

[0039] As used herein, "transgenic plant" includes reference to a plant that comprises within 
its genome a heterologous polynucleotide. Generally, the heterologous polynucleotide is 
stably integrated within the genome such that the polynucleotide is passed on to 
successive generations. The heterologous polynucleotide may be integrated into the 
genome alone or as part of a recombinant expression cassette. "Transgenic" is used herein 
to include any cell, cell line, callus, tissue, plant part or plant, the genotype of which has 
been altered by the presence of heterologous nucleic acid including those transgenics 
initially so altered as well as those created by sexual crosses or asexual propagation from 
the initial transgenic. 



[0040] Thus a plant having within its cells a heterologous polynucleotide is referred to herein 
as a "transgenic plant". The heterologous polynucleotide can be either stably integrated 
into the genome, or can be extra-chromosomal Preferably, the polynucleotide of the 
present invention is stably integrated into the genome such that the polynucleotide is 
passed on to successive generations. The polynucleotide is integrated into the genome 
alone or as part of a recombinant expression cassette. "Transgenic" is used herein to 
include any cell, cell line, callus, tissue, plant part or plant, the genotype of which has 
been altered by the presence of heterologous nucleic acids including those transgenics 
initially so altered as well as those created by sexual crosses or asexual reproduction of the 
initial transgenics. 

[0041] A plant cell, tissue, organ, or plant into which the recombinant DNA constructs 

containing the expression constructs have been introduced is considered "transformed", 
"transfected", or "transgenic". A transgenic or transformed cell or plant also includes 
progeny of the cell or plant and progeny produced from a breeding program employing 
such a transgenic plant as a parent in a cross and exhibiting an altered phenotype resulting 
from the presence of a recombinant nucleic acid sequence. Hence, a plant of the invention 
will include any plant which has a cell containing a construct with introduced nucleic acid 
sequences, regardless of whether the sequence was introduced into the directly through 
transformation means or introduced by generational transfer from a progenitor cell which 
originally received the construct by direct transformation. 

[0042] The terms "Anthocyanin 1 " and "ANTV\ as used herein encompass native 

Anthocyanin 1 (ANT1) nucleic acid and amino acid sequences, homologues, variants and 
fragments thereof. 

[0043] An "isolated" ANT1 nucleic acid molecule is an ANT1 nucleic acid molecule that is 

identified and separated from at least one contaminant nucleic acid molecule with which it 
is ordinarily associated in the natural source of the ANT1 nucleic acid. An isolated ANT1 
nucleic acid molecule is other than in the form or setting in which it is found in nature. 
However, an isolated ANT1 nucleic acid molecule includes ANT1 nucleic acid molecules 
contained in cells that ordinarily express ANT1 where, for example, the nucleic acid 
molecule is in a chromosomal location different from that of natural cells. 
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[0044] As used herein, the term "mutant" with reference to a polynucleotide sequence or gene 
differs from the corresponding wild type polynucleotide sequence or gene either in terms 
of sequence or expression, where the difference contributes to a modified plant phenotype 
or trait. Relative to a plant or plant line, the term "mutant" refers to a plant or plant line 
which has a modified plant phenotype or trait, where the modified phenotype or trait is 
associated with the modified expression of a wild type polynucleotide sequence or gene. 

[0045] Generally, a "variant" polynucleotide sequence encodes a "variant" amino acid 
sequence which is altered by one or more amino acids from the reference polypeptide 
sequence. The variant polynucleotide sequence may encode a variant amino acid 
sequence having "conservative" or "non-conservative" substitutions. Variant 
polynucleotides may also encode variant amino acid sequences having amino acid 
insertions or deletions, or both. 

[0046] As used herein, the term "phenotype" may be used interchangeably with the term 

"trait". The terms refer to a plant characteristic which is readily observable or measurable 
and results from the interaction of the genetic make-up of the plant with the environment 
in which it develops. Such a phenotype includes chemical changes in the plant make-up 
resulting from enhanced gene expression which may or may not result in morphological 
changes in the plant, but which are measurable using analytical techniques known to those 
of skill in the art. 

[0047] As used herein, the term "interesting phenotype" with reference to a plant produced by 
the methods described herein refers to a readily observable or measurable phenotype 
demonstrated by a Ti and/or subsequent generation plant, which is not displayed by a 
plant that has not been so transformed (and/or is not the progeny of a plant that has been 
so transformed) and represents an improvement in the plant. An "improvement" is a 
feature that may enhance the utility of a plant species or variety by providing the plant 
with a unique quality. By unique quality is meant a novel feature or a change to an 
existing feature of the plant species which is a quantitative change (increase or decrease) 
or a qualitative change in a given feature or trait. 



The Identified ANT1 Phenotype and Gene 

[0048] The gene and phenotype of this invention were identified in a screen using activation 
tagging. Activation tagging is a process by which a heterologous nucleic acid construct 
comprising a nucleic acid control sequence, e.g. an enhancer, is inserted into a plant 
genome. The enhancer sequences act to enhance transcription of a one or more native 
plant genes (See, e.g., Walden R, et al, 1994; Weigel D et al. 2000). 

[0049] Briefly, a large number of tomato (Lycopersium esculentum) cv. Micro-Tom plants 
were transformed with a modified form of the activation tagging vector pSKI015 (Weigel 
et al, 2000), which comprises a T-DNA (i.e., the sequence derived from the Ti plasmid of 
Agrobacterium tumifaciens that are transferred to a plant cell host during Agrobacterium 
infection), an enhancer element and a selectable marker gene. The construct, pAG3202, is 
further described in the Examples. Following random insertion of pAG3202 into the 
genome of transformed plants, the enhancer element can result in up-regulation genes in 
the vicinity of the T-DNA insertion, generally within 5-10 kilobase (kb) of the insertion. 
In the Ti generation, plants were exposed to the selective agent in order to specifically 
recover those plants that expressed the selectable marker and therefore harbored insertions 
of the activation-tagging vector. Transformed plants were observed for interesting 
phenotypes, which are generally identified at the T i? T 2 and/or T 3 generations. Interesting 
phenotypes may be identified based on morphology, a biochemical screen, herbicide 
tolerance testing, herbicide target identification, fungal or bacterial resistance testing, 
insect or nematode resistance testing, screening for stress tolerance, such as drought, salt 
or antibiotic tolerance, and output traits, such as oil, starch, pigment, or vitamin 
composition. Genomic sequence surrounding the T-DNA insertion is analyzed in order to 
identify genes responsible for the interesting phenotypes. Genes responsible for causing 
such phenotypes are identified as attractive targets for manipulation for agriculture, food, 
ornamental plant, and/or pharmaceutical industries. 

[0050] It will be appreciated that in most cases when a modified phenotype results from the 
enhanced expression of a tagged gene, the phenotype is dominant. In some cases, the 
enhanced expression of a given native plant gene or a fragment thereof may result in 
decreased expression or inactivation of its homologue or another native plant gene, which 
results in the interesting phenotype. The T-DNA insertion may also result in disruption 
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("loss-of-function") of a native plant gene, in which case the phenotype is generally 
recessive. 

[0051] The present invention provides a modified leaf, flower or fruit color phenotype, 

identified in ACTTAG Mico-Tom lines that were observed at the callus stage as having 
purple color and purple shoots. Purple plants were derived from purple colored caulogenic 
callus in culture. The clonal plant lines (i.e., additional shoots originating from the same 
purple colored caulogenic callus or those multiplied from the first purple plant either in 
tissue culture or by cuttings in the greenhouse) were identified as having purple coloration 
on leaves, sepals and flowers. The plants were also observed to exhibit a modified fruit 
color described as a deeper red color relative to wild type Micro-Tom plants. The 
phenotype and associated gene have been designated Anthocyanin 1 ("AAT7"). 

[0052] The invention also provides a newly identified and isolated nucleic acid sequence that 
was identified by analysis of the genomic DNA sequence surrounding the T-DNA 
insertion correlating with the ANT1 phenotype. In particular, applicants have identified 
and characterized the open reading frame of the ANT1 gene, which is specifically 
overexpressed in plants having the ANT1 phenotype, and which is provided in SEQ ID 
NO: 1 . A detailed description of the isolation and characterization of ANT1 is set forth in 
the Examples. 

Compositions of the Invention 
ANT1 Nucleic acids 

[0053] The ANT1 gene may be used in the development of transgenic plants having a desired 
phenotype. This may be accomplished using the native ANT1 sequence, a variant ANT1 
sequence or a homologue or fragment thereof. 

[0054] A ANT1 nucleic acid sequence of this invention may be a DNA or RNA sequence, 

derived from genomic DNA, cDNA or mRNA. The nucleic acid sequence may be cloned, 
for example, by isolating genomic DNA from an appropriate source, and amplifying and 
cloning the sequence of interest using PCR. Alternatively, nucleic acid sequence may be 
synthesized, either completely or in part, especially where it is desirable to provide plant- 
preferred sequences. Thus, all or a portion of the desired structural gene (that portion of 
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the gene which encodes a polypeptide or protein) may be synthesized using codons 
preferred by a selected host. 

[0055] The invention provides a polynucleotide comprising a nucleic acid sequence which 
encodes or is complementary to a sequence which encodes an ANT1 polypeptide having 
the amino acid sequence presented in SEQ ID NO:2 and a polynucleotide sequence 
identical over its entire length to the ANT1 nucleic acid sequence presented SEQ ID NO:L 
The invention also provides the coding sequence for the mature ANT1 polypeptide, a 
variant or fragment thereof, as well as the coding sequence for the mature polypeptide or a 
fragment thereof in a reading frame with other coding sequences, such as those encoding a 
leader or secretory sequence, a pre-, pro-, or prepro- protein sequence. 

[0056] A ANT1 polynucleotide can also include non-coding sequences, including for 

example, but not limited to, non-coding 5' and 3' sequences, such as the transcribed, 
untranslated sequences, termination signals, ribosome binding sites, sequences that 
stabilize mRNA, introns, polyadenylation signals, and additional coding sequence that 
encodes additional amino acids. For example, a marker sequence can be included to 
facilitate the purification of the fused polypeptide. Polynucleotides of the present 
invention also include polynucleotides comprising a structural gene and the naturally 
associated sequences that control gene expression. 

[0057] When an isolated polynucleotide of the invention comprises an ANT1 nucleic acid 
sequence flanked by non- ANT1 nucleic acid sequence, the total length of the combined 
polynucleotide is typically less than 25 kb, and usually less than 20kb, or 15 kb, and in 
some cases less than 10 kb, or 5 kb. 

[0058] In addition to the ANT1 nucleic acid and corresponding polypeptide sequences 

described herein, it is contemplated that ANT1 variants can be prepared. ANT1 variants 
can be prepared by introducing appropriate nucleotide changes into the ANT1 nucleic acid 
sequence; by synthesis of the desired ANT1 polypeptide or by altering the expression level 
of the ANT1 gene in plants. Those skilled in the art will appreciate that amino acid 
changes may alter post-translational processing of the ANT1 polypeptide, such as 
changing the number or position of glycosylation sites or altering the membrane 
anchoring characteristics. 



12 



[0059] In one aspect, preferred ANT1 coding sequences include a polynucleotide comprising 
a nucleic acid sequence which encodes or is complementary to a sequence which encodes 
an ANT1 polypeptide having at least 50%, 60%, 70%, 75%, 80%, 85%, 90%, 95% or more 
sequence identity to the amino acid sequence presented in SEQ ID NO:2. 

[0060] In another aspect, preferred variants include an ANT1 polynucleotide sequence that is 
at least 50% to 60% identical over its entire length to the ANT1 nucleic acid sequence 
presented as SEQ ID NO:l, and nucleic acid sequences that are complementary to such an 
ANT1 sequence. More preferable are ANT1 polynucleotide sequences comprise a region 
having at least 70%, 80%, 85%, 90% or 95% or more sequence identity to the ANT1 
sequence presented as SEQ ID NO: L 

[0061] In a related aspect, preferred variants include polynucleotides that are be "selectively 
hybridizable" to the ANT1 polynucleotide sequence presented as SEQ ID NO:l. 

[0062] Sequence variants also include nucleic acid molecules that encode the same polypeptide 
as encoded by the ANT1 polynucleotide sequence described herein. Thus, where the coding 
frame of an identified nucleic acid molecules is known, for example by homology to known 
genes or by extension of the sequence, it is appreciated that as a result of the degeneracy of 
the genetic code, a number of coding sequences can be produced. For example, the triplet 
CGT encodes the amino acid arginine. Arginine is alternatively encoded by CGA, CGC, 
CGG, AGA, and AGG. Therefore it is appreciated that such substitutions in the coding 
region fall within the sequence variants that are covered by the present invention. Any and 
all of these sequence variants can be utilized in the same way as described herein for the 
identified ANT1 parent sequence, SEQ ID NO:l. 

[0063] It is further appreciated that such sequence variants may or may not selectively 

hybridize to the parent sequence. This would be possible, for example, when the sequence 
variant includes a different codon for each of the amino acids encoded by the parent 
nucleotide. Such variants are, nonetheless, specifically contemplated and encompassed by 
the present invention. In accordance with the present invention, also encompassed are 
sequences that at least 70% identical to such degeneracy-derived sequence variants. 

[0064] Although ANT1 nucleotide sequence variants are preferably capable of hybridizing to 
the nucleotide sequences recited herein under conditions of moderately high or high 
stringency, there are, in some situations, advantages to using variants based on the 



13 



degeneracy of the code, as described above. For example, codons may be selected to 
increase the rate at which expression of the peptide occurs in a particular prokaryotic or 
eukaryotic organism, in accordance with the optimum codon usage dictated by the particular 
host organism. Alternatively, it may be desirable to produce RNA having longer half lives 
than the mRNA produced by the recited sequences. 

[0065] Variations in the native full-length ANT1 nucleic acid sequence described herein, may 
be made, for example, using any of the techniques and guidelines for conservative and 
non-conservative mutations, as generally known in the art, oligonucleotide-mediated (site- 
directed) mutagenesis, alanine scanning, and PCR mutagenesis. Site-directed mutagenesis 
(Kunkel TA et al, 1991); cassette mutagenesis (Crameri A et a/., 1995); restriction 
selection mutagenesis (Haught C et al, 1994), or other known techniques can be 
performed on the cloned DNA to produce nucleic acid sequences encoding ANT1 variants. 

[0066] It is contemplated that the gene sequences associated with the ANT1 phenotype may 
be synthesized, either completely or in part, especially where it is desirable to provide 
host-preferred sequences. Thus, all or a portion of the desired structural gene (that portion 
of the gene which encodes the protein) may be synthesized using codons preferred by a 
selected host. Host-preferred codons may be determined, for example, from the codons 
used most frequently in the proteins expressed in a desired host species. 

[0067] It is preferred that an ANT1 polynucleotide encodes an ANT1 polypeptide that retains 
substantially the same biological function or activity as the mature ANT1 polypeptide 
encoded by the polynucleotide set forth as SEQ ID NO: 1 (i.e. results in an ANT1 
phenotype when overexpressed in a plant). 

[0068] Variants also include fragments of the ANT1 polynucleotide of the invention, which 
can be used to synthesize a full-length ANT1 polynucleotide. Preferred embodiments 
include polynucleotides encoding polypeptide variants wherein 5 to 10, 1 to 5, 1 to 3, 2, 1 
or no amino acid residues of an ANT1 polypeptide sequence of the invention are 
substituted, added or deleted, in any combination. Particularly preferred are substitutions, 
additions, and deletions that are silent such that they do not alter the properties or 
activities of the polynucleotide or polypeptide. 

[0069] A nucleotide sequence encoding an ANT1 polypeptide can also be used to construct 
hybridization probes for further genetic analysis. Screening of a cDNA or genomic 
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library with the selected probe may be conducted using standard procedures, such as 
described in Sambrook et al, 1989). Hybridization conditions, including moderate 
stringency and high stringency, are provided in Sambrook et a/., supra. 

[0070] The probes or portions thereof may also be employed in PCR techniques to generate a 
pool of sequences for identification of closely related ANT1 sequences. When ANT1 
sequences are intended for use as probes, a particular portion of an ANT1 encoding 
sequence, for example a highly conserved portion of the coding sequence may be used. 

[0071] For example, an ANT1 nucleotide sequence may be used as a hybridization probe for a 
cDNA library to isolate genes, for example, those encoding naturally-occurring variants of 
ANT1 from other plant species, which have a desired level of sequence identity to the 
ANT1 nucleotide sequence disclosed in SEQ ID NO: 1. Exemplary probes have a length of 
about 20 to about 50 bases. 

[0072] In another exemplary approach, a nucleic acid encoding an ANT1 polypeptide may be 
obtained by screening selected cDNA or genomic libraries using the deduced amino acid 
sequence disclosed herein, and, if necessary, using conventional primer extension 
procedures as described in Sambrook et al 9 supra, to detect ANT1 precursors and 
processing intermediates of mRNA that may not have been reverse-transcribed into 
cDNA. 

[0073] As discussed above, nucleic acid sequences of this invention may include genomic, 
cDNA or mRNA sequence. By "encoding" is meant that the sequence corresponds to a 
particular amino acid sequence either in a sense or anti-sense orientation. By 
"extrachromosomal" is meant that the sequence is outside of the plant genome of which it 
is naturally associated. By "recombinant" is meant that the sequence contains a 
genetically engineered modification through manipulation via mutagenesis, restriction 
enzymes, and the like. 

[0074] Once the desired form of an ANT1 nucleic acid sequence, homologue, variant or 
fragment thereof, is obtained, it may be modified in a variety of ways. Where the 
sequence involves non-coding flanking regions, the flanking regions may be subjected to 
resection, mutagenesis, etc. Thus, transitions, transversions, deletions, and insertions may 
be performed on the naturally occurring sequence. 
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[0075] With or without such modification, the desired form of the ANT1 nucleic acid 
sequence, homologue, variant or fragment thereof, may be incorporated into a plant 
expression vector for transformation of plant cells. 

ANT1 Polypeptides 

[0076] In one preferred embodiment, the invention provides an ANT1 polypeptide, having a 
native mature or full-length ANT1 polypeptide sequence comprising the sequence presented 
in SEQ ID NO:2. A ANT1 polypeptide of the invention can be the mature ANT1 
polypeptide, part of a fusion protein or a fragment or variant of the ANT1 polypeptide 
sequence presented in SEQ ID NO:2. 

[0077] Ordinarily, an ANT1 polypeptide of the invention has at least 50% to 60% identity to 
an ANT1 amino acid sequence over its entire length. More preferable are ANT1 
polypeptide sequences that comprise a region having at least 70%, 80%, 85%, 90% or 95% 
or more sequence identity to the ANT1 polypeptide sequence of SEQ ID NO:2. 

[0078] Fragments and variants of the ANT1 polypeptide sequence of SEQ ID NO:2, are also 
considered to be a part of the invention. A fragment is a variant polypeptide that has an 
amino acid sequence that is entirely the same as part but not all of the amino acid 
sequence of the previously described polypeptides. Exemplary fragments comprises at 
least 10, 20, 30, 40, 50, 75, or 100 contiguous amino acids of SEQ ID NO:2. The 
fragments can be "free-standing" or comprised within a larger polypeptide of which the 
fragment forms a part or a region, most preferably as a single continuous region. 
Preferred fragments are biologically active fragments, which are those fragments that 
mediate activities of the polypeptides of the invention, including those with similar 
activity or improved activity or with a decreased activity. Also included are those 
fragments that antigenic or immunogenic in an animal, particularly a human. 

[0079] ANT1 polypeptides of the invention also include polypeptides that vary from the ANT1 
polypeptide sequence of SEQ ID NO:2. These variants maybe substitutional, insertional or 
deletional variants. The variants typically exhibit the same qualitative biological activity as 
the naturally occurring analogue, although variants can also be selected which have 
modified characteristics as further described below. 
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[0080] A "substitution" results from the replacement of one or more nucleotides or amino acids 

by different nucleotides or amino acids, respectively, 
[0081] An "insertion" or "addition" is that change in a nucleotide or amino acid sequence which 

has resulted in the addition of one or more nucleotides or amino acid residues, respectively, 

as compared to the naturally occurring sequence. 
[0082] A "deletion" is defined as a change in either nucleotide or amino acid sequence in which 

one or more nucleotides or amino acid residues, respectively, are absent. 
[0083] Amino acid substitutions are typically of single residues; insertions usually will be on 

the order of from about 1 to 20 amino acids, although considerably larger insertions may be 

tolerated. Deletions range from about 1 to about 20 residues, although in some cases 

deletions may be much larger. 
[0084] Substitutions, deletions, insertions or any combination thereof may be used to arrive at a 

final derivative. Generally these changes are done on a few amino acids to minimize the 

alteration of the molecule. However, larger changes may be tolerated in certain 

circumstances. 

[0085] Amino acid substitutions can be the result of replacing one amino acid with another 
amino acid having similar structural and/or chemical properties, such as the replacement of 
a leucine with a serine, i.e., conservative amino acid replacements. Insertions or deletions 
may optionally be in the range of 1 to 5 amino acids. 

[0086] Substitutions are generally made in accordance with known "conservative 

substitutions". A "conservative substitution" refers to the substitution of an amino acid in 
one class by an amino acid in the same class, where a class is defined by common 
physicochemical amino acid side chain properties and high substitution frequencies in 
homologous proteins found in nature (as determined, e.g., by a standard Dayhoff frequency 
exchange matrix or BLOSUM matrix). (See generally, Doolittle, R.F., 1986.) 

[0087] A "non-conservative substitution" refers to the substitution of an amino acid in one class 
with an amino acid from another class. 

[0088] ANT1 polypeptide variants typically exhibit the same qualitative biological activity as 
the naturally occurring analogue, although variants also are selected to modify the 
characteristics of the ANT1 polypeptide, as needed. For example, glycosylation sites, and 
more particularly one or more O-linked or N-linked glycosylation sites may be altered or 
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removed. Those skilled in the art will appreciate that amino acid changes may alter post- 
radiational processes of the ANT1 polypeptide, such as changing the number or position of 
glycosylation sites or altering the membrane anchoring characteristics. 

[0089] The variations can be made using methods known in the art such as oligonucleotide- 
mediated (site-directed) mutagenesis, alanine scanning, and PCR mutagenesis. Site-directed 
mutagenesis [Carter et a/., 1986; Zoller et al, 1987], cassette mutagenesis [Wells etaU 
1985], restriction selection mutagenesis [Wells et a/., 1986] or other known techniques can 
be performed on the cloned DNA to produce the ANT1 polypeptide-encoding variant DNA. 

[0090] Also included within the definition of ANT1 polypeptides are other related ANT1 

polypeptides. Thus, probe or degenerate PCR primer sequences may be used to find other 
related polypeptides. Useful probe or primer sequences may be designed to all or part of the 
ANT1 polypeptide sequence, or to sequences outside the coding region. As is generally 
known in the art, preferred PCR primers are from about 15 to about 35 nucleotides in 
length, with from about 20 to about 30 being preferred, and may contain inosine as needed. 
The conditions for the PCR reaction are generally known in the art. 

[0091] Covalent modifications of ANT 1 polypeptides are also included within the scope of this 
invention. For example, the invention provides ANT1 polypeptides that are a mature 
protein and may comprise additional amino or carboxyl-terminal amino acids, or amino 
acids within the mature polypeptide (for example, when the mature form of the protein has 
more than one polypeptide chain). Such sequences can, for example, play a role in the 
processing of a protein from a precursor to a mature form, allow protein transport, shorten 
or lengthen protein half -life, or facilitate manipulation of the protein in assays or 
production. It is contemplated that cellular enzymes can be used to remove any additional 
amino acids from the mature protein. [See, e.g., Creighton, IE, 1983]. 

[0092] In a preferred embodiment, overexpression of an ANT1 polypeptide or variant thereof 
is associated with the ANT1 phenotype. 



Antibodies 

[0093] The present invention further provides anti-AM7 polypeptide antibodies. The 
antibodies may be polyclonal, monoclonal, humanized, bispecific or heteroconjugate 
antibodies. 
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[0094] Methods of preparing polyclonal antibodies are known to the skilled artisan. Such 
polyclonal antibodies can be produced in a mammal, for example, following one or more 
injections of an immunizing agent, and preferably, an adjuvant. Typically, the immunizing 
agent and/or adjuvant will be injected into the mammal by a series of subcutaneous or 
intraperitoneal injections. The immunizing agent may include an ANT1 polypeptide or a 
fusion protein thereof. It may be useful to conjugate the antigen to a protein known to be 
immunogenic in the mammal being immunized. The immunization protocol may be 
determined by one skilled in the art based on standard protocols or by routine 
experimentation. 

[0095] Alternatively, the anti-AN77 polypeptide antibodies may be monoclonal antibodies. 
Monoclonal antibodies may be produced by hybridomas, wherein a mouse, hamster, or 
other appropriate host animal, is immunized with an immunizing agent to elicit lymphocytes 
that produce or are capable of producing antibodies that will specifically bind to the 
immunizing agent [Kohler et al, 1975]. Monoclonal antibodies may also be made by 
recombinant DNA methods, such as those described in U.S. Patent No. 4,816,567. 

[0096] The anti-AMV polypeptide antibodies of the invention may further comprise humanized 
antibodies or human antibodies. The term "humanized antibody" refers to humanized forms 
of non-human (e.g., murine) antibodies that are chimeric antibodies, immunoglobulin chains 
or fragments thereof (such as Fv, Fab, Fab 1 , F(ab') 2 or other antigen-binding partial 
sequences of antibodies) which contain some portion of the sequence derived from non- 
human antibody. Methods for humanizing non-human antibodies are well known in the art, 
as further detailed in Jones et al, 1986; Riechmann et al, 1988; and Verhoeyen et al, 1988. 
Methods for producing human antibodies are also known in the art. See, e.g., Jakobovits, 
A, et al, 1995; Jakobovits, A, 1995. 

[0097] In one exemplary approach, mti-ANTl polyclonal antibodies are used for gene 

isolation. Western blot analysis may be conducted to determine that ANT1 or a related 
protein is present in a crude extract of a particular plant species. When reactivity is 
observed, genes encoding the related protein may be isolated by screening expression 
libraries representing the particular plant species. Expression libraries can be constructed 
in a variety of commercially available vectors, including lambda gtll, as described in 
Sambrook, et al , 1989. 
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Utility Of the ANT1 Phenotype and Gene 
[0098] From the foregoing, it can be appreciated that the ANT1 nucleotide sequence, protein 
sequence and phenotype find utility in modulated expression of the ANT1 protein and the 
development of non-native phenotypes associated with such modulated expression. 
[0099] The ANT1 phenotype has features which distinguish the mutant from wild type plants, 
including modified leaf color, modified flower color and modified fruit color. 

[00100] Anthocyanins are known to contribute to leaf color, flower color and fruit color. 

Anthocyanins are a group of water-soluble flavonoids that impart pink to purple color to 
leaves and other organs (Harbone et al., 1988). Anthocyanins have been associated with 
many important physiological and developmental functions in the plants, including, but 
not limited to: (1) modification of the quantity and quality of captured light (Barker et al., 
1977); (2) protection from the effects of UV-B radiation (Burger and Edwards, 1996 and 
Klaper et al, 1996); (3) defense against herbivores (Coley and Kusar, 1996); (4) 
protection from photoinhibition (Gould et al, 1995 and Dodd et al, 1998); and (5) 
scavenging of reactive oxygen intermediates in stressful environments (Furuta et al., 1995; 
Sherwin et al., 1998; and Yamasaki 1997). The anthocyanins have demonstrated anti- 
oxidant activity, suggesting a role in protecting against cancer, cardiovascular and liver 
diseases (Kamei et al., 1993; Suda et al., 1997; and Wang et al., 2000). See also the 
websites at www.pslgroup.com/dg/39fb2.htm, 
www.wellweb.com/nutri/phytochemicals.htm, and 
www.nal.usda.gov/ttic/tektran/data/000007/19/0000071970.html. 

[00101] Considering this, the ANT1 phenotype described herein is not only colorful and hence 
finds utility in enhancement of the decorative value of ornamental plants, flowers and 
food, it also offers the potential for health benefits when the ANT1 phenotype is expressed 
in plant varieties used as foods or food additives. 

[00102] In one aspect, the modified leaf, flower and fruit color of plants having the ANT1 

phenotype finds utility in the development of improved ornamental plants, fruits and/or 
cut flowers. 

[00103] In another aspect, the modified anthocyanin content in plants having the ANT1 
phenotype finds utility in plant-derived food and food additives. 
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[00104] In another aspect, as further described in the Examples, the ANT1 gene has utility as a 
transformation marker in genetically manipulated plants. 

[00105] In practicing the invention, the ANT1 phenotype and modified ANT1 expression is 
generally applicable to any type of plant, as further detailed below. 

[00106] The methods described herein are generally applicable to all plants. Although 
activation tagging and gene identification was carried out in tomato, following 
identification of a nucleic acid sequence and associated phenotype, the selected gene, a 
homologue, variant or fragment thereof, may be expressed in any type of plant. In one 
aspect, the invention is directed to fruit- and vegetable-bearing plants. 

[00107] The invention is generally applicable to plants which produce fleshy fruits; for example but 
not limited to, tomato (Lycopersicum); grape (Vitas); ); strawberry (Fragaria)\ raspberry, 
blackberry, loganberry (Rubus); currants and gooseberry (Ribes)\ blueberry, bilberry, 
whortleberry, cranberry (Vaccinium); kiwifruit and Chinese gooseberry (Actinida)\ apple (Malus); 
pear (Pyrus); melons (Cucumis sp.) members of the Prunus genera, e.g. plum, chery, nectarine and 
peach; sapota (Manilkara zapotilla); mango; avocado; apricot; peaches; cherries; pineapple; 
papaya; passion fruit; citrus; date palm; banana; plantain; and fig. 

[00108] Similarly, the invention is applicable to vegetable plants, including, but not limited to sugar 
beets, green beans, broccoli, brussel sprouts, cabbage, celery, chard, cucumbers, eggplants, 
peppers, pumpkins, rhubarb, winter squash, summer squash, zucchini, lettuce, radish, carrot, pea, 
potato, corn, murraya and herbs. 

[00109] In a related aspect, the invention is directed to the cut flower industry, grain-producing 
plants, oil-producing plants and nut-producing plants, as well as other crops including, but 
not limited to, cotton (Gossypium), alfalfa (Medicago sativa), flax (Linum usitatissimum), 
tobacco (Nicotiana), turfgrass (Poaceae family), and other forage crops. 

[00110] References describing suitable transformation techniques for these and other plants are 
listed in Patent Application Serial No. 09/846,758. 

[00111] The skilled artisan will recognize that a wide variety of transformation techniques 
exist in the art, and new techniques are continually becoming available. Any technique 
that is suitable for the target host plant can be employed within the scope of the present 
invention. For example, the constructs can be introduced in a variety of forms including, 
but not limited to as a strand of DNA, in a plasmid, or in an artificial chromosome. The 
introduction of the constructs into the target plant cells can be accomplished by a variety 
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of techniques, including, but not limited to Agrobacterium-mediaied transformation, 
electroporation, microinjection, microprojectile bombardment calcium-phosphate-DNA 
co-precipitation or liposome-mediated transformation of a heterologous nucleic acid 
construct comprising the ANT1 coding sequence. The transformation of the plant is 
preferably permanent, Le. by integration of the introduced expression constructs into the 
host plant genome, so that the introduced constructs are passed onto successive plant 
generations. 

[00112] In one embodiment, binary Ti-based vector systems may be used to transfer and 
confirm the association between enhanced expression of an identified gene with a 
particular plant trait or phenotype. Standard Agrobacterium binary vectors are known to 
those of skill in the art and many are commercially available, such as pBI121 (Clontech 
Laboratories, Palo Alto, CA). 

[00113] The optimal procedure for transformation of plants with Agrobacterium vectors will 
vary with the type of plant being transformed. Exemplary methods for Agrobacterium- 
mediated transformation include transformation of explants of hypocotyl, shoot tip, stem 
or leaf tissue, derived from sterile seedlings and/or plantlets. Such transformed plants 
may be reproduced sexually, or by cell or tissue culture. Agrobacterium transformation 
has been previously described for a large number of different types of plants and methods 
for such transformation may be found in the scientific literature. 

[00114] Depending upon the intended use, a heterologous nucleic acid construct may be made 
which comprises a nucleic acid sequence associated with the ANT1 phenotype, and which 
encodes the entire protein, or a biologically active portion thereof for transformation of 
plant cells and generation of transgenic plants. 

[00115] The expression of an ANT1 nucleic acid sequence or a homologue, variant or fragment 
thereof may be carried out under the control of a constitutive, inducible or regulatable 
promoter. In some cases expression of the ANT1 nucleic acid sequence or homologue, 
variant or fragment thereof may regulated in a developmental stage or tissue-associated or 
tissue-specific manner. Accordingly, expression of the nucleic acid coding sequences 
described herein may be regulated with respect to the level of expression, the tissue 
type(s) where expression takes place and/or developmental stage of expression leading to 
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a wide spectrum of applications wherein the expression of an ANT1 coding sequence is 
modulated in a plant. 

[00116] Strong promoters with enhancers may result in a high level of expression. When a low 
level of basal activity is desired, a weak promoter may be a better choice. Expression of 
ANT1 nucleic acid sequence or homologue, variant or fragment thereof may also be 
controlled at the level of transcription, by the use of cell type specific promoters or 
promoter elements in the plant expression vector. 

[00117] Numerous promoters useful for heterologous gene expression are available. 

Exemplary constitutive promoters include the raspberry E4 promoter (U.S. Patent Nos. 
5,783,393 and 5,783,394), the 35S CaMV (Jones JD et al, 1992), the CsVMV promoter 
(Verdaguer B et al, 1998) and the melon actin promoter. Exemplary tissue-specific 
promoters include the tomato E4 and E8 promoters (U.S. Patent No. 5,859,330) and the 
tomato 2 AH gene promoter (Van Haaren MJJ et al, 1993). 

[00118] When ANT1 sequences are intended for use as probes, a particular portion of an ANT1 
encoding sequence, for example a highly conserved portion of a coding sequence may be 
used. 

[00119] In yet another aspect, in some cases it may be desirable to inhibit the expression of 

endogenous ANT1 sequences in a host cell. Exemplary methods for practicing this aspect 
of the invention include, but are not limited to antisense suppression (Smith, et a/., 1988); 
co-suppression (Napoli, et a/., 1989); ribozymes (PCT Publication WO 97/10328); and 
combinations of sense and antisense (Waterhouse, et al, 1998). Methods for the 
suppression of endogenous sequences in a host cell typically employ the transcription or 
transcription and translation of at least a portion of the sequence to be suppressed. Such 
sequences may be homologous to coding as well as non-coding regions of the endogenous 
sequence. In some cases, it may be desirable to inhibit expression of the ANT1 nucleotide 
sequence. This may be accomplished using procedures generally employed by those of 
skill in the art together with the ANT1 nucleotide sequence provided herein. 

[00120] Standard molecular and genetic tests may be performed to analyze the association 

between a cloned gene and an observed phenotype. A number of other techniques that are 
useful for determining (predicting or confirming) the function of a gene or gene product in 
plants are described below. 
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DNA/RNA analysis 

[00121] DNA taken form a mutant plant may be sequenced to identify the mutation at the 

nucleotide level The mutant phenotype may be rescued by overexpressing the wild type 
(WT) gene. The stage- and tissue-specific gene expression patterns in mutant vs. WT 
lines, for instance, by in situ hybridization, may be determined. Analysis of the 
methylation status of the gene, especially flanking regulatory regions, may be performed. 
Other suitable techniques include overexpression, ectopic expression, expression in other 
plant species and gene knock-out (reverse genetics, targeted knock-out, viral induced gene 
silencing (VIGS, see Baulcombe D, 1999). 

[00122] In a preferred application, microarray analysis, also known as expression profiling or 
transcript profiling, is used to simultaneously measure differences or induced changes in 
the expression of many different genes. Techniques for microarray analysis are well 
known in the art (Schena M et al, Science (1995) 270:467-470; Baldwin D et al, 1999; 
Dangond F, Physiol Genomics (2000) 2:53-58; van Hal NL et a/., J Biotechnol (2000) 
78:271-280; Richmond T and Somerville S, Curr Opin Plant Biol (2000) 3:108-116). 
Microarray analysis of individual tagged lines may be carried out, especially those from 
which genes have been isolated. Such analysis can identify other genes that are 
coordinately regulated as a consequence of the overexpression of the gene of interest, 
which may help to place an unknown gene in a particular pathway. 

Gene Product Analysis 
[00123] Analysis of gene products may include recombinant protein expression, antisera 
production, immunolocalization, biochemical assays for catalytic or other activity, 
analysis of phosphorylation status, and analysis of interaction with other proteins via yeast 
two-hybrid assays. 

Pathway Analysis 

[00124] Pathway analysis may include placing a gene or gene product within a particular 

biochemical or signaling pathway based on its overexpression phenotype or by sequence 
homology with related genes. Alternatively, analysis may comprise genetic crosses with 
WT lines and other mutant lines (creating double mutants) to order the gene in a pathway, 
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or determining the effect of a mutation on expression of downstream "reporter" genes in a 
pathway. 

Other Analyses 

[00125] Other analyses may be performed to determine or confirm the participation of the 

isolated gene and its product in a particular metabolic or signaling pathway, and to help 

determine gene function. 
[00126] All publications, patents and patent applications are herein expressly incorporated by 

reference in their entirety. 
[00127] While the invention has been described with reference to specific methods and 

embodiments, it will be appreciated that various modifications and changes may be made 

without departing from the invention. 

EXAMPLE 1 

Generation of Plants with an ANT1 Phenotvpe bv Transformation with an Activation 
Tagging Construct 

I. Agrobacterium vector preparation. 

[00128] Mutants were generated using a modified version of the activation tagging 

"ACTTAG" vector, pSKI015 (GenBank Identifier [GI] 6537289; Weigel D et a/., 2000). 
This binary vector, called pAG3202, contains the following components: the pSKI 
backbone; a 4X 35S enhancer consisting of four tandem repeats of the enhancer region 
from the CaMV 35S promoter including 4 Alul-EcoRV fragments in tandem, 129 bp of 
CaMV sequence associated with each tandem Alul-EcoRV repeat, and an additional 7 bp 
repeated sequence that is not in the 35S enhancer region of the native CaMV genome; the 
nptll selectable marker under the control of a raspberry E4 (RE4) promoter; an 
Agrobacterium gene 7 termination element located downstream of the nptll gene, adjacent 
the left border of the plasmid. The pAG3202 sequence is provided in SEQ ID NO: 3. 

[00129] Single colonies of Agrobacterium tumefaciens strains EHA 105/EHA 101/GV3101 

containing the binary plasmid pAG3202 were grown in MGL medium at pH 5.4 overnight 
and diluted to approximately 5xl0 8 cells/ml with MGL or liquid plant co-cultivation 
medium. 
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[00130] For long-term storage, PCR-positive colonies were grown in selective media, glycerol 
added to a final concentration of 30% and cultures quick frozen, then stored at -80°C. For 
the initiation of dense Agrobacterium cultures for plant transformation, stock cultures 
were grown in selective media, glycerol added to a final concentration of 30%, and a 
number of 20 jml aliquots quick frozen in liquid nitrogen and stored at -80°C. 

II. Transformation and Selection of Micro-Tom Mutants 
[00131] Activation tagging mutants were generated in tomato cv. Micro-Tom using 

Agrobacterium-mtdiaied transformation. Sterile seedlings and plantlets were used as the 
source of explants. More specifically hypocotyl tissue was transformed. 
[00132] Seeds of {Lycopersium esculentum) were surface sterilized in 25% bleach with tween- 
20 for 15 minutes and rinsed with sterile water before plating on seed germination 
medium (MS salts, Nitsch vitamins, 3% sucrose and 0.7% agar, pH 5.8), modified by the 
addition of auxin and/or cytokinins and giberrellic acid as necessary. The cultures were 
incubated at 24°C with a 16 hr photo period (50-60 lunoLmV 1 ). Seven to ten day old 
seedlings and one month old in vitro plants were used for hypocotyl explants. 
[00133] Hypocotyls were cut into 3-5 mm segments, then immersed in bacterial suspension, 
blotted on sterile filter paper and placed on co-cultivation medium. The explants were 
immersed in bacterial suspension, blotted on sterile filter paper and placed on co- 
cultivation medium (MS salts, LS vitamins, 3% sucrose, 0.1 mg/1 kinetin, 0.2 mg/1 2,4-D, 
200 mg/1 potassium acid phosphate, 50 juM acetosyringone and 0.7% agar, pH 5.4) for 2-3 
days. 

[00134] After two to three days of co-culture, the explants were transferred to shoot 

regeneration medium containing MS salts, Nitsch vitamins, 3% sucrose, 2 mg/1 zeatin, 
500 mg/1 carbenicillin, 200mg/L timetin and 0.7% agar at pH 5.8, supplemented with the 
antibiotic, kanamycin at 75 - 400 mg/1 in order to select for n/rttf-expressing 
transformants. The selection level of antibiotic was gradually raised over an 8-week 
period based on the tissue response. 

[00135] The explants were transferred to fresh medium every two weeks. Initiation of callus 
with signs of shoot initials was observed from 3-6 weeks depending on the type of 
explant. Callusing and shoot regeneration was observed to continue over approximately 4 
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months after which the explant tissues decline. A purple callus was observed among the 
tissue growing on the selection medium. Regenerated shoots displayed a variety of color 
phenotypes and were entirely green, entirely purple, or mix of green and purple to various degrees. 
Green shoots of approximately 1 cm in size with distinct shoot meristems were excised 
from the callus and transferred to root induction medium containing MS salts, Nitsch 
vitamins, 3% sucrose, 1 mg/1 IBA, 50 mg/1 kanamycin, 100 mg/1 carbenicillin or lOOmg/L 
timetin and 0.7% agar, pH 5.8. The rooted plants were out-planted to soil in a Biosafety 
greenhouse. 

[00136] Plants were transported to greenhouse facilities, potted up in 3.5" pots tagged for plant 
identification. 

[00137] Transformants were observed at the callus stage and after Ti plants were established in 
the greenhouse for phenotypic variations relative to wild-type Micro-Tom plants. To 
achieve this, several wild-type plants were kept in close proximity to the transgenic plants. 
Each plant was observed closely twice a week with observations noted and documented 
by photographs. 

[00138] Images of each pool of 8 plants were recorded using a Digital camera (DC-260), and 
morphology observations were made at about four weeks after planting. 

[00139] Eleven Micro-Tom lines were developed from the callus originally identified by its 

purple color and purple shoots at the caulogenic stage. The clonal plant lines were identified 
as having modified leaf color with a heavy purple cast on leaves, modified flower color 
characterized by purple striations on petals and sepals and flowers with a purple cast 
mixed with the normal yellow color of the corolla. The plants were also observed to 
exhibit a modified fruit color described as a deeper red color relative to wild type Micro- 
Tom plants. The clonal plant lines (mutants) were designated Anthocyaninl ("ANT1"). 

[00140] The ANT1 mutant was identified from fewer than 2000 individual Micro-Tom tomato 
ACTTAG lines that were developed following tissue culture transformation with the 
binary plasmid pAG3202, and selection on kanamycin-containing medium. 

[00141] Observations were made and photos taken of the clonal Ti ANT1 plant lines that 
exhibited the ANT1 phenotype, designated H000001484, H000001624, H000001708, 
H000001709, H000001710, H000001711, H000001712, H000001713, H000001715, 
H000001716 andH000001717. 
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[00142] Seeds were collected from Ti plants from line H000001624 and grown to generate T 2 
plants. From the 11 out of the 18 seeds that germinated, and 8 plants displayed purple 
coloration, confirming that ANT1 is a dominant mutation. 

[00143] The results indicated that ANT1 is a gain of function trait, expected from activation 
tagging based over-expression of a native gene. 

EXAMPLE 2 

Characterization of Plants That Exhibit the ANT1 Phenotype 
[00143] Micro-Tom genomic DNA was extracted from the H000001484 clone of the activation 
tagged mutant originally identified at the callus stage, in sufficient yield and quality for 
plasmid rescue of activation tagged plant lines using the procedure described below. 
Further analysis was performed using combined tissue derived from the H000001624, 
H000001708, H000001709, H000001710, H000001711, H000001712, H000O01713, 
H000001715, H000001716 and H000001717 plant lines. 

I. Micro-Tom Tomato Genomic DNA Extraction 
[00144] Nucleon™ PhytoPure™ systems (Plant and fungal DNA extraction kits) from 
Amersham™ were used for extracting genomic DNA. Methods were essentially as 
follows: 

[00145] 1 .Og of fresh tissue from the H000001484 clone was ground in liquid nitrogen to yield 
a free flowing powder, then transferred to a 15 ml polypropylene centrifuge tube. 4.6 ml 
of Reagent 1 from the Nucleon Phytopure kit was added with thorough mixing, followed 
by addition of 1.5 ml of Reagent 2 from the Nucleon Phytopure kit, with inversion until a 
homogeneous mixture was obtained. The mixture was incubated at 65°C in a shaking 
water bath for 10 minutes, and placed on ice for 20 minutes. The samples were removed 
from the ice, 2 ml of - 20°C chloroform added, mixed and centrifuged at 1300g for 10 
minutes. The supernatant was transferred into a fresh tube, 2 ml cold chloroform, 200 |xl 
of Nucleon PhytoPure DNA extraction resin suspension added and the mixture shaken on 
a tilt shaker for 10 minutes at room temperature, then centrifuged at 1300g for 10 minutes. 
Without disturbing the Nucleon resin suspension layer, the upper DNA-containing phase 
was transferred into a fresh tube, centrifuged at 9500 rpm for 30 minutes to clarify the 
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transferred aqueous phase if the upper phase appeared cloudy, an equal volume of cold 
isopropanol added, and the tube gently inverted until DNA precipitated. It was then 
pelleted by centrifugation, washed with cold 70% ethanol, pelleted again, and air-dried. 

[00146] DNA was resuspended in TE buffer (10 mM Tris. HC1, pH 7.4, 1 mM EDTA), 
containing RNase, incubated at 55° C for 15 minutes, further extracted 
phenol/chloroform, then chloroform, run on a 1% agarose gel to check the DNA Quality, 
the DNA concentration determined by a DNA fluorometer (Hoeffer DyNA Quant 200). 

[00147] DNA extracted from shoots of the H000001484 ANT1 clone at the caulogenic callus 
stage and from wild type plants was PCR-amplified using primers that amplify a 35S 
enhancer sequence, and primers that amplify a region of the pBluescript vector sequence 
in pAG3202. Amplification using primers that span the 35S enhancer region resulted in a 
ladder of products, indicating that all four copies of the 35S enhancer were present. 
Amplification using primers to the pBluescript vector was done primarily to detect the T- 
DNA insert(s) in transformed plants and has been optimized for the following conditions: 
annealing temp: 57°C, 30 cycles [94°C, 30sec; 57°C, 1 min; 72°C, 1 min] 1 cycle [72°C, 7 
min]. 

[00148] The ACTTAG™ line, H000001484 (ANT1), was confirmed as positive for the 

presence of 35S enhancer and pAG3202 vector sequences by PCR, and as positive for 
Southern hybridization verifying genomic integration of the ACTTAG DNA and showing 
the presence of a single T-DNA insertion in the clonal transgenic line. 

II. Plasmid Rescue 

[00149] Genomic DNA from the H000001484 clonal line was digested by the restriction 

enzymes used in Southern Hybridization. The restriction fragments were self-ligated and 
used to transform the E. coli cells. The plasmids that contained a full-length pBluescript 
vector, 4X 35S enhancer, and a right border T-DNA flanking genomic DNA fragment 
were rescued. 

[00150] More specifically, genomic DNA was digested with Hind IE and Xho I under standard 

reaction conditions at 37°C overnight. 
[00151] The ligation reactions were set up containing the following and left at 16°C overnight: 
Digested Genomic DNA 40 ul 



29 



5X Ligation Buffer 
Ligase (Gibcol, lU/jil) 
ddH 2 0 



50 Ml 
10 Ml 
150 Ml 



[00152] The ligated DNA precipitated, resuspended in ddH 2 0 and used to transform E. coli 
SURE cells (Stratagene) via electroporation, with 10 pg of pUC18 plasmid as a control. 

[00153] The transformation mixture was spread on two LB-plates containing 100 \igjml 

ampicillin and incubated overnight at 37°C. Single colonies were picked from the plates 
and used to start a 5 ml LB-ampicillin broth culture from each colony by culturing 
overnight at 37°C. The plasmid was extracted from the culture and restriction digested to 
confirm the size of genomic insertion. 



[00154] Sequencing was accomplished using a ABI Prism BigDye™ Terminator Cycle 

Sequencing Ready Reaction Kit (PE Applied Biosystem), AmpliTaq DNA Polymerase 
(Perkin-Elmer), an ABI Prism™ 310 Genetic Analyzer (Perkin-Elmer) and sequence 
analysis software, e.g., Sequencer™ 3.1.1 or Mac Vector 6.5.3. Sequencing was done 
essentially according to manufacturers' protocols 

[00155] The left ends of plasmids rescued were sequenced across the right T-DNA border. 

[00156] The rescued sequence was subjected to analysis using the BLAST sequence 

comparison programs at the www.ncbi.nlm.nih.gov/BLAST website. A basic BLASTN 
search identified a sequence with 31% identity to the Anthocyanin 2 (An2) mRNA of 
Petunia integrifolia (GI 7673087 and 7673085). The presence of an open reading frame 
(i.e., the ANT1 cDNA) was predicted using the BLASTX program. 

[00157] RT-PCR analysis confirmed that the gene whose nucleotide sequence is presented as 
SEQ ID NO: 1 (ANT1) was specifically overexpressed in tissue from plants having the ANT1 
phenotype. Specifically, RNA was extracted from combined tissues derived from the 
H000001624 clonal plant line, which exhibited the ANT1 phenotype, and from wild type 
plants. RT-PCR was performed using primers specific to the sequence presented as SEQ 
ID NOT and a constitutively expressed actin gene (positive control). The results showed 
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that plants displaying the ANT1 phenotype over-expressed the mRNA for the ANT1 gene, 
indicating the enhanced expression of the ANT1 gene correlated with the ANT1 phenotype. 

[00158] The amino acid sequence predicted from the ANT1 nucleic acid sequence was 

determined using Vector NTI (InforMax, North Bethesda, MD) and is presented in SEQ 
ID NO:2. A Basic BLASTP 2.0. 1 1 search using the ncbi.nlm.nih.gov/BLAST website 
and the predicted ANT1 amino acid sequence was conducted. Results indicated that the 
predicted ANT1 protein sequence has 49% identitiy to the Petunia integrifolia An2 protein 
sequence (GI 7673088 and 7673086) and 65%-85% identity to several Myfo-related 
transcription factors in the N-terminal region, from approximately aa 1-120 of SEQ ID NO:2. 
These Myfc-related proteins included An2 from Petunia x hybrida (GI 7673084), the Zea 
mays Cl-I (GI 22214), the Zea mays PL transcription factor (GI 2343273) and an 
Arabidopsis transcription factor (GI 3941508). The Petunia An2 gene is a regulator of the 
Anthocyanin biosynthetic pathway (Quattrocchio et al, 1999). 

[00159] These results suggest that ANT1 is associated with modified leaf, flower or fruit color 
in Micro-tomato. 

EXAMPLE 3 

Confirmation of Phenotype/Genotvpe Association in Micro-tomato 
[00160] In order to further confirm the association between the ANT1 phenotype and the ANT1 
gene presented in SEQ ID NO: 1, a genomic fragment comprising the ANT1 gene, 
provided in SEQ ID NO:4, was over-expressed in wild type Micro-Tom plants. 
Specifically, this 1012 bp genomic fragment, including the ANT1 coding regions, was 
cloned into the multiple cloning site (MCS) of the binary vector pAG2370. pAG2370, 
whose sequence is provided in SEQ ID NO:5, comprises the vector backbone from the 
binary vector pBIN19 (GI1256363), T-DNA left and right border fragments, and, 
between border fragments, the CsVMV promoter sequence and a Nos termination 
sequence for controlling expression of the inserted gene, and the neomycin 
phosphotransferase (NPTII) gene, which confers kanamycin resistance, whose expression 
is controlled by the RE4 promoter (US Patent No. 6054635) and the G7 termination 
sequence. The ANT1 fragment was cloned into Smal/Spel sites of pAG2370, inserted 
between the CsVMV promoter region, proximal to the 5' end of genomic fragment, and 
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the Nos termination sequence, proximal to the 3' end of the genomic fragment. The 
pAG2370-A/V77 construct was transformed into Agrobacterium tumefaciens by 
electroporation. 

[00161] The pAG2370-A/V77 construct described above was introduced into wild-type Micro- 
Tom plants via Agrobacterium-mediated transformation, essentially as described in 
Example 1. Briefly, explants were dissected from Micro-Tom seedlings. Explants were 
inoculated by soaking in the Agrobacterium suspension for 15 to 120 minutes, blotted on 
sterile filter paper to remove excess bacteria, and plated. Explants were co-cultivated in 
non-selective media for 2-4 days at 24°C with a 16-hour photoperiod, after which they 
were transferred to selective media (with kanamycin) and returned to the growth room. 
Explants were transferred to fresh medium every two weeks until shoots were 0.5 to 1 cm 
tall. Shoots were excised from the explants, placed on selective medium with kanamycin 
in Phytatrays (Sigma), and returned to the growth room for two to four weeks. Shoots 
were observed for rooting, and rooted shoots were out-planted to soil and acclimated to 
the greenhouse. The transformation process generated 64 independent T 0 events. 
Morphological observations demonstrated that 45 transgenic plants displayed the ANT1 
purple color phenotype and were either partially or entirely purple. Tissue was collected 
from six Ti plants showing the ANT1 phenotype, and RT-PCR was carried out using wild 
type as a control. While no ANT1 gene expression could be detected in the wild-type 
control, five out of the six plants displaying the ANT1 phenotype over-expressed the ANT1 
transcript. The internal control experiments, using a constitutively expressed actin gene, 
showed that all samples had similar levels of the actin expression. 

EXAMPLE 4 

Confirmation of Phenotype/Genotvpe Association in Arabidovsis 

[00162] In order to further confirm the association between the ANT1 phenotype and the ANT1 
gene in plants other than Micro-Tom, the ANT1 gene was introduced into and over- 
expressed in wild type Arabidopsis thaliana. 

[00163] The pAG2370-AATZ7 construct described above was introduced into wild-type 

Arabidopsis plants via Agrobacterium-mediated transformation using standard vacuum 
infiltration methods. All infiltrated seeds were plated in selective media containing 
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kanamycin, and kanamycin-resistant Ti plants were transplanted to 72-cell flats. The 
transformation process generated 10 independent T 0 events, of which seven displayed the 
ANT1 purple coloration phenotype in at least part of the plant. Tissue was collected from 
four Ti plants showing the ANT1 phenotype, and RT-PCR was carried out using wild type 
as a control. While no ANT1 gene expression could be detected in the wild-type control, 
all plants displaying the ANT1 phenotype over-expressed the ANT1 transcript. The 
internal control experiments, using a constitutively expressed actin gene, showed that all 
samples had similar levels of the actin expression. 

EXAMPLE 5 

Confirmation of Phenotype/Genotype Association in Tobacco 

[00165] In order to further confirm the association between the ANT1 phenotype and the ANT1 
gene in plants other than Micro-Tom, the ANT1 gene was introduced into and over- 
expressed in wild type Nicotiana tabacum (tobacco, Wisconsin-38 type). 

[00166] The pAG2370-AiV77 construct described above was introduced into wild-type tobacco 
plants via Agrobacterium-mcdiated transformation using essentially the following 
methods. In order to generate tobacco plants for transformation, tobacco seeds were 
germinated as follows: seeds were shaken about ten minutes on a lab shaker, in a solution 
containing approximately 1.3% to 2.1% sodium hypochlorite and one drop of Tween-20 
(Polyoxyethylenesorbitan monolaurate) per 100 milliliters. Seeds were then washed in 
sterile water and sterilely transferred to the surface of TbSG medium (4.3 g/1 Murashige 
and Skoog salts, Phytotech; 1 ml/1 MS vitamins, Sigma; 30 g/1 sucrose; 8 g/1 agar, Sigma; 
pH adjusted to -5.8) in petri dishes or Phytatrays (Sigma), 10-50 seeds per vessel, and 
incubated in light at 25°C. Tobacco plants were dissected on sterile filter paper moistened 
with sterile, deionized water or liquid TbCo medium (4.3 g/1 Murashige and Skoog salts, 
Phytotech; 1 ml/1 MS vitamins, Sigma; 30 g/1 sucrose; 200 mg/1 KH 2 P0 4 ; 2 mg/1 Indole-3- 
acetic acid; 0.25 mg/1 Kinetin; 0 to lOOjttM Acetosyringone; 7 g/1 Agar, Sigma; pH 
adjusted to 5.4-5.6). Explants with cut edges on all sides could be generated by cutting 
the leaf from the plant, dissecting out and discarding the midvein, and cutting the leaf 
lamina into 3 to 5 mm squares. Alternatively, discs could be cut from the lamina using a 
sterilized cork borer. 
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[00167] Explants were inoculated by soaking for 1 5- 1 20 minutes in Agrobacterium suspension 
(OD600 between 0.175 and 0.225) prepared with the pAG2370-AAT77 construct, then 
blotted and plated on TbCo medium. Explants were co-cultivated 2-4 days at 24°C with a 
16-hour photoperiod, and then transferred to Tb selective medium (4.3 g/1 Murashige and 
Skoog salts; 1 ml/1 Nitsch and Nitsch vitamins, Duchefa; 30 g/1 sucrose; 0.5 to 2 mg/1 6- 
Benzylaminopurine; 0 to 1 mg/1 Naphthylacetic Acid; 0 to 750 mg/1 Carbenicillin; 0 to 
300 mg/1 Timentin; 0 to 500 mg/1 Kanamycin; 7 to 8 g/1 Agar, Sigma; pH adjusted to 
-5.8) containing kanamycin and re-transferred every two weeks until shoots were 0.5 to 1 
cm tall. Shoots were excised from the explants, placed on TbR medium (4.3 g/1 
Murashige and Skoog salts; 1 ml/1 Nitsch and Nitsch vitamins, Duchefa; 30 g/1 sucrose; 0 
to 1 mg/1 Indole-3-butyric acid; 0 to 1 mg/1 Naphthylacetic Acid; 0 to 100 mg/1 
Carbenicillin; 0 to 200 mg/1 Timentin; 0 to 100 mg/1 Kanamycin; 7 to 8 g/1 Agar, Sigma; 
pH adjusted to -5.8.) with kanamycin in Phytatrays, and grown two to four weeks, after 
which time the rooted shoots were planted to soil. 

[00168] The transformation process generated 89 independent T 0 events, of which 54 

displayed the ANT1 purple coloration phenotype in at least part of the plant. Tissue was 
collected from five Ti plants showing the ANT1 phenotype, and RT-PCR was carried out 
using wild type as a control. While no ANT1 gene expression could be detected in the 
wild-type control, all plants displaying the ANT1 phenotype over-expressed the ANT1 
transcript. The internal control experiments, using a constitutively expressed actin gene, 
showed that all samples had similar levels of the actin expression. 

EXAMPLE 6 

Use of the ANT1 gene as a transformation marker in tomato and tobacco 
[00170] Having successfully recapitulated the ANT1 phenotype in tomato and tobacco, as 
described above, we tested the utility of the ANT1 gene for utility as a transformation 
marker, based on its characteristic purple color, in these species. We transformed tobacco 
and Micro-Tom explants with the pAG2370-AA77 vector, using methods described in the 
above Examples, grew the explants in the presence and absence of antibiotic (kanamycin), 
and compared transformation frequency based on rooting in the presence of antibiotic in 
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the media to transformation frequency based on purple color. Results are shown in the 
Table below. 

[00172] Table 1: 



Transformation frequency of tobacco and tomato, based on antibiotic selection or color 



Species 


Kanamycin 
in media 


# 

explants 


Transformation 
frequency based on 
rooting in presence of 
antibiotic 


Transformation 
frequency based on 
purple color 


Tobacco 
Wisconsin 




82 


126 % * 


80% 




60 




45% 


Tomato 
Micro- 
Tom 


+ 


103 


77% 


54% 




52 




6% 



*This number reflects multiple transgenic events per original explant. When callus 
initiation occurs at two or three distinct points on the original explant, each is dissected 
and tested for shoot regeneration. 



[00173] The results indicated that the ANT1 gene could be successfully used for screening of 

positive transformants in cultures of tomato and tobacco, and may be useful in other plants 
as well. 
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